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Case reports
The proband of family A, a 9 year old boy, was admitted to hospital because of repeated vomiting, which occurred one day after a school trip. Seizures, unconsciousness, coma, and decerebrated posture occurred following admission to hospital. Therapy included peritoneal dialysis, oral administration of sodium benzoate and L-carnithine, and intravenous administration of arginine. Blood ammonium levels decreased, but on the fifth day in hospital he died of multisystem organ failure. Gene tracking was undertaken in family members, including prenatal monitoring of a fourth pregnancy. Chorionic villi were obtained in the 1 0th week of gestation.
The proband of family B, a 15 year old boy, had a first attack of refractory seizure and frequent vomiting and subsequently anuria and hemiplegia on the left side occurred. There was no apparent cause of the attack. Treatment was not effective and he died on the ninth day in hospital.
The proband of family C, a 17 year old boy, was admitted as he had been found unconscious and in a coma for no apparent reason. Treatment including exchange blood transfusion and intravenous administration of arginine was without effect and he died on the seventh day in hospital.
Clinical and biochemical features of our patients are summarised in table 1. All subjects had had a normal school and daily life and had eaten similarly to other boys on a daily basis before the onset of symptoms. Case reports of families D and E have been reported elsewhere.
Material and methods

GENE ANALYSIS
Genomic DNA, isolated from liver specimens, chorionic villi, or blood samples as described previously,'2 were amplified in vitro by PCR using Taq DNA polymerase and 10 pairs of synthetic oligonucleotide primers of sense and antisense standards, which covered each exon and adjacent introns.8 0 The conditions for Western blots of the extract of COS 1 cells transfected by the mutant cDNA showed a decreased signal but of a size similar to that in the control transfected with the wild type cDNA (data not shown). The calculated activ-III ity of the Arg4OHis allele corrected by 1 galactosidase activity was 10.2 ± 1.8% of the control.
Discussion
All five families in the present study reside in the Fukuoka Prefecture of Japan and may possibly have the same ancestors. An analysis of the RFLP haplotype of the mutant gene was only feasible in families A and B, since the materials used for this purpose were no longer available for families C to E. The RFLP haplotype was the same in families A and B (6.2 kbp/5.1 kbp by MspI and 4.0 kbp by TaqI ).14 The possibility that the five mutations occurred independently could not be excluded, since the mutation is located at a CpG hot spot. Arg4O was conserved in OTCs of human and rat, but not in other species studied.'5 The observation of the expression of a mutant allele in COS 1 cells (10.2 ± 1.8% of control ) corresponded to hepatic OTC activity in patients which ranged from 1.3 to 12% of the control. Such a wide range of enzyme activity appears to depend on the condition of the liver obtained at necropsy. Male patients with OTC deficiency were classified into two types, neonatal and late onset types. The residual enzyme activities of the liver and the serum citrulline levels (products of OTC) were significantly higher in the latter than the former group.5 The data obtained in the present study are comparable to those of the late onset group shown in table 1.
Of interest in the present study are the age at onset ranging from 6 years (D-3) to 56 years (D-1) and the findings in an asymptomatic man aged 65 years who was a hemizygote (A-2). The same mutation in a 3 year old male patient was reported by Tuchman et al. 9 Valproate ingestion is a risk factor in the development of hyperammonaemic attacks in OTC deficiency.'6 17 However, this was not the case in our patients. Male patients with onset after 5 years of age had a higher mortality rate than did those with onset between 1 and 5 years,5 as in the present study, even with appropriate treatment. This may relate to factors including increased metabolism during adolescence or a diminished capacity to recover from multisystem organ failure in older adults. Non-protein energy intake, particularly during illness, could be another factor. In addition, the amount of protein ingested may play an important role in the development of hyperammonaemia.
We reported another five male hemizygotes from three different families with the late onset type of OTC deficiency, all of whom carried Arg277Trp alleles. 8 
